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DETAILED ACTION 

This office action is in response to the preliminary amendment filed August 19, 2003. 

Claim Objections 

Claim 89 is objected to because of the following informalities: Lines 9-11 of claim 89 
recite the limitation of "said chamber". There is insufficient antecedent basis for this limitation 
in the claim. Appropriate correction is required. 

Claim Rejections - 35 USC § 112 
The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

Claims 81 and 91 are rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

Claim 81 is dependent upon claim 76. Claim 76 recites the limitation of "a single gas 
serves as said titanium precursor and said nitrogen precursor". However, claim 81 recites the 
limitation of the titanium precursor being u bis(2,4-dimethyl)(l,3-pentadienyl)titanium, titanium 
tetrachloride, titanium tetrabromide, titanium tetraiodide, and 

cyclopentadienylcycloheptatrienyltitanium." Each of these precursors includes no nitrogen. 
Therefore, it is not possible to use these gases as the titanium and nitrogen precursor as stated in 
claim 76. 

Claim 91 recites the limitation of forming the using a titanium precursor "selected from 
the group consisting of precursor of the formula Ti(NR 2 )> where R is selected from the group 
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consisting of one or more of hydrogen, an alkyl group and an aryl group, 
tetrakisdiethylamidotitanium, bis(2,4-dirnethyl)(l,3-pentadienyl)titanium [sic], titanium 
tetrachloride, titanium tetrabromide, titanium tetraiodide, and 

cyclopentadienylcycloheptatrienyltitanium." This limitation does not make sense as written 
because, for example, there are no such compounds that consist of T1NR2 wherein R is titanium 

IW Li. 1UV. 

Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claims 75-85 and 88-91 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Ovshinsky et al. (US 6,087,674) in view of Russell (US 6,235,631) and Iyer (US 6,156,630). 

Regarding claim 75, Ovshinsky discloses depositing a single layer (6,8) containing a first 
metal (titanium), aluminum, nitrogen and boron on a semiconductor substrate (10) (col. 9, In. 44 
- col. 10, In. 5). Ovshinsky does not disclose what method is used to deposit this layer. Russell 
discloses depositing a thin film Ti-Al-N layer on a semiconductor substrate. Russell states that it 
is known in the art to use PVD techniques to deposit this type of a film but this deposition 
process results in poor film quality and poor step coverage (col. 1, In. 48-66). Russell teaches a 
CVD method of depositing a Ti-Al-N film that produces a film having good step coverage and 
good quality (col. 2, In. 1 1-26). The CVD method involves placing the wafer into a CVD 
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chamber, heating the wafer and introducing a metal (titanium) precursor, an aluminum precursor 
and a nitrogen precursor into the chamber to simultaneously deposit the Ti-Al-N layer. At the 
time of the invention, it would have been obvious to one of ordinary skill in the art to form the 
Ti-Al-B-N film of Ovshinsky by the CVD process of Russell because Ovshinsky does not teach 
any particular deposition process and Russell teaches a CVD process that results in a good 

u u 1 1 1 j tvAA\a ^v/v/vi otwp wvviugv x a iixi. i^iuivi w v oiiniorvj liui ivuoown iwaviivi} no vv iu 1 1 itui pv^»i ait 

boron into the Ti-Al-B-N film. Iyer teaches a method of depositing a titanium boride layer on a 
semiconductor substrate. Iyer teaches that this layer may be successfully deposited by using a 
CVD process in which a boron precursor is introduced into the CVD chamber along with the 
titanium precursor (col. 7, In. 3 - col. 8, In. 22). At the time of the invention, it would have been 
obvious to one of ordinary skill in the art to use the CVD method of Iyer to incorporate the boron 
into the titanium-containing layer of Ovshinsky because Ovshinsky does not teach any particular 
method of incorporating boron into the layer, Russell teaches that CVD processes are 
advantageous, and Iyer teaches that boron can be successfully incorporated into a titanium- 
containing layer by using CVD. 

Regarding claim 76, Russell discloses that a single gas serves as the titanium precursor 
and the nitrogen precursor (Abstract). 

Regarding claims 77, 79 and 91, Russell discloses that the titanium and nitrogen 
precursor is Ti(N(CH 3 ) 2 )4 (tetrakis-dimethyl-amido-titanium) (Abstract). 

Regarding claim 78, Russell discloses heating the wafer to a temperature of 200-500°C 
(Abstract). 
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Regarding claims 80 and 90, Russell discloses that the aluminum precursor is 
dimethylaluminumhydride (DM AH) (Abstract). 

Regarding claim 81, Iyer discloses that titanium tetrachloride (TiCU) can be used to 
successfully deposit a titanium-containing layer via a CVD process. 

Regarding claim 82, Russell discloses that the metal (titanium) precursor can be an 
organometallic compound. 

Regarding claim 83, Iyer discloses that the boron precursor is a boron reactant gas. 

Regarding claims 84 and 85, Russell discloses that the nitrogen precursor is a nitrogen 
reactant gas. 

Regarding claim 88, Ovshinsky discloses depositing a layer (6,8) containing a 
first metal (titanium), aluminum, nitrogen and boron on a semiconductor substrate (10) (col. 9, 
In. 44 - col. 10, In. 5). Ovshinsky does not disclose what method is used to deposit this layer. 
Russell discloses depositing a thin film Ti-Al-N layer on a semiconductor substrate. Russell 
states that it is known in the art to use PVD techniques to deposit this type of a film but this 
deposition process results in poor film quality and poor step coverage (col. 1, In. 48-66). Russell 
teaches a CVD method of depositing a Ti-Al-N film that produces a film having good step 
coverage and good quality (col. 2, In. 1 1-26). The CVD method involves placing the wafer into 
a CVD chamber, heating the wafer to a temperature of 200-500°C, establishing a pressure of 0.1 
to 25 torr within the reactor, and injecting an organometallic (titanium) precursor and an 
aluminum precursor into the reactor. At the time of the invention, it would have been obvious to 
one of ordinary skill in the art to form the Ti-Al-B-N film of Ovshinsky by the CVD process of 
Russell because Ovshinsky does not teach any particular deposition process and Russell teaches 
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a CVD process that results in a good quality and good step coverage film. Neither Ovshinsky 
nor Russell teaches how to incorporate boron into the Ti-Al-B-N film. Iyer teaches a method of 
depositing a titanium boride layer on a semiconductor substrate. Iyer teaches that this layer may 
be successfully deposited by using a CVD process in which a boron precursor is introduced into 
the CVD chamber along with the titanium precursor (col. 7, In. 3 - col. 8, In. 22). At the time of 
the invention, it would have been obvious to one of ordinary skill in the art to use the CVD 
method of Iyer to incorporate the boron into the titanium-containing layer of Ovshinsky because 
Ovshinsky does not teach any particular method of incorporating boron into the layer, Russell 
teaches that CVD processes are advantageous, and Iyer teaches that boron can be successfully 
incorporated into a titanium-containing layer by using CVD. 

Regarding claim 89, Ovshinsky discloses depositing a conformal layer (6,8) containing a 
first metal (titanium), aluminum, nitrogen and boron on a semiconductor substrate (10) (col. 9, 
In. 44 - col. 10, In. 5). Ovshinsky does not disclose what method is used to deposit this layer. 
Russell discloses depositing a thin film Ti-Al-N layer on a semiconductor substrate. Russell 
states that it is known in the art to use PVD techniques to deposit this type of a film but this 
deposition process results in poor film quality and poor step coverage (col. 1, In. 48-66). Russell 
teaches a CVD method of depositing a Ti-Al-N film that produces a film having good step 
coverage and good quality (col. 2, In. 1 1-26). The CVD method involves placing the wafer into 
a CVD chamber, heating the wafer to a temperature of 200-500°C, establishing a pressure of 0.1 
to 25 torr within the reactor, and injecting an organometallic (titanium) precursor and an 
aluminum precursor into the reactor. At the time of the invention, it would have been obvious to 
one of ordinary skill in the art to form the Ti-Al-B-N film of Ovshinsky by the CVD process of 
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Russell because Ovshinsky does not teach any particular deposition process and Russell teaches 
a CVD process that results in a good quality and good step coverage film. Neither Ovshinsky 
nor Russell teaches how to incorporate boron into the Ti-Al-B-N film. Iyer teaches a method of 
depositing a titanium boride layer on a semiconductor substrate. Iyer teaches that this layer may 
be successfully deposited by using a CVD process in which a boron precursor is introduced into 
the CVD chamber along with the titanium precursor (col. 7, In. 3 - col. 8, In. 22). At the time of 
the invention, it would have been obvious to one of ordinary skill in the art to use the CVD 
method of Iyer to incorporate the boron into the titanium-containing layer of Ovshinsky because 
Ovshinsky does not teach any particular method of incorporating boron into the layer, Russell 
teaches that CVD processes are advantageous, and Iyer teaches that boron can be successfully 
incorporated into a titanium-containing layer by using CVD. 

Claim 86 is rejected under 35 U.S.C. 103(a) as being unpatentable over Ovshinsky et al. 
(US 6,087,674) in view of Russell (US 6,235,631) and Iyer (US 6,156,630) as applied to claim 
75 above, and further in view of Sandhu et al. (US 6,313,035). 

Regarding claim 86, Ovshinsky, Russell and Iyer do not disclose the structure of the 
CVD apparatus used to deposit the Ti-Al-N layer. Sandhu discloses using a CVD process to 
deposit a titanium-containing layer from a TDMAT precursor. Sandhu states that in order to 
form a titanium-containing layer having good film uniformity, a carrier gas is used to vaporize 
and transport the TDMAT precursor in a bubbler (col. 6, In. 42-62). At the time of the invention, 
it would have been obvious to one of ordinary skill in the art to use a bubbler to provide the 
titanium precursor because Russell discloses using a TDMAT precursor to CVD deposit the 
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titanium-containing layer and Sandhu states that by providing a carrier gas with the TDMAT in a 
bubbler, a titanium-containing film having good uniformity can be formed. 

Claim 87 is rejected under 35 U.S.C. 103(a) as being unpatentable over Ovshinsky et al. 
(US 6,087,674) in view of Russell (US 6,235,631) and Iyer (US 6,156,630) as applied to claim 
75 above, and further in view of Murzin et al. (US 6,1 17,772). 

Regarding claim 87, Ovshinsky, Russell and Iyer do not disclose the structure of the 
CVD apparatus used to deposit the Ti-Al-N layer. Murzin discloses using a CVD process to 
deposit an aluminum-containing layer from a DMAH precursor. The successful deposition of 
the aluminum-containing layer involves using a direct liquid injection system to provide the 
aluminum precursor to the substrate (col. 10, In. 1-19). At the time of the invention, it would 
have been obvious to one of ordinary skill in the art to use a direct liquid injection system to 
provide the aluminum precursor because Russell discloses using a DMAH precursor to CVD 
deposit the aluminum-containing layer and Murzin states that by providing the DMAH precursor 
to the CVD chamber by way of a direct liquid injection system, an aluminum-containing film can 
be successfully deposited. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Christy L. Novacek whose telephone number is (571) 272-1839. 
The examiner can normally be reached on Monday-Thursday and alternate Fridays 7:30 - 5:00. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Amir Zarabian can be reached on (571) 272-1852. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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